Bacteriocins are produced by a wide variety of gram-positive and gram-negative bacteria. They are bacterial proteins which inhibit the growth of other bacteria that are closely related to the producer strains, and they usually exhibit a relatively narrow spectrum of activity. Bacteriocins are thought to provide the producer strain with an ecological or selective advantage over other strains. Bacteriocin production has been described for several genera of lactic acid bacteria (LAB) (12, 33) . LAB bacteriocins can be classified into two main classes (34) , i.e., class I, modified bacteriocins (the lantibiotics) and class II, the small, heat-stable nonlantibiotics, which are divided into subgroups IIa, pediocin-like bacteriocins with a strong antilisterial effect, and IIb, non-pediocin-like bacteriocins and those with two peptides that require the complementary action of both peptides for full antimicrobial activity. In the genus Enterococcus, Enterococcus faecalis and E. faecium bacteriocins have been genetically and biochemically well characterized. E. faecalis bacteriocins include the ␤-hemolysin/bacteriocin (cytolysin) (9, 17, 18, 21, 23, 24) , the peptide antibiotic AS-48 (28) , bacteriocin 21 (Bac 21) (43) , and Bac 31 (42) . These bacteriocins have been identified from E. faecalis clinical isolates (29, 42, 43, 47) . The well-characterized E. faecium bacteriocins have been isolated from food grade organisms (6, 19) and include enterocins A (1), B (3), P (4), I (15), L50A, and L50B (5) . These bacteriocins belong to the LAB class II bacteriocins and are active against Listeria monocytogenes (34) . Enterocins A and P are pediocin-like bacteriocins (12) .
In contrast to the bacteriocins obtained from E. faecalis clinical isolates, there have been few reports describing either the bacteriocins present in E. faecium clinical isolates, including vancomycin-resistant E. faecium (VRE), or the relationship between the bacteriocin determinant and a plasmid (10, 11, 25) .
In our previous study (25) , a total of 636 VRE strains were tested for bacteriocin production against various indicator strains. Two hundred seventy-seven (44%) of the 636 strains tested were bacteriocinogenic. The bacteriocinogenic strains were classified into four groups on the basis of their bacteriocin activity. Of the 277 bacteriocin producers tested for activity against enterococci, 21 strains (3.3%) showed bacteriocin activity against E. faecalis, E. faecium, E. hirae, E. durans, L. monocytogenes, and L. denitrificans; 193 strains (69.7%) showed activity against E. faecium, E. hirae, and E. durans; and 4 strains (0.6%) showed activity against E. faecalis. The remaining 59 bacteriocinogenic strains produced a small zone of bacteriolysis against E. hirae. In this study, we present an analysis of Bac 43, which was active against E. faecalis, E. faecium, E. hirae, E. durans, L. monocytogenes, and L. denitrificans.
MATERIALS AND METHODS
Bacteria, media, and reagents. The strains and plasmids used in this study are listed in Table 1 . A total of 640 VRE clinical isolates were obtained from different patients who had been admitted to the University of Michigan Medical School Hospital, Ann Arbor, between 1994 and 1999. The bacteriocinogenic strains among these isolates were previously classified into three groups on the basis of their bacteriocin activity (25 (27) , S. agalactiae, S. pyogenes, and L. monocytogenes. Enterococcus strains were grown in Todd-Hewitt broth (THB; Difco, Detroit, Mich.) or antibiotic medium 3 (Difco). Escherichia coli strains were grown in Luria-Bertani medium. Solid and soft media were prepared by the addition of 1.5% or 0.75% (wt/vol) agar, respectively. All cultures were grown at 37°C. Antibiotics were used at the following concentrations: ampicillin, 100 g/ml; chloramphenicol, 20 g/ml for Enterococcus and 50 g/ml for E. coli; vancomycin, 12.5 g/ml; rifampin, 25 g/ml; fusidic acid, 25 g/ml; streptomycin, 250 g/ml; gentamicin, 250 l/ml; spectinomycin, 250 g/ml; kanamycin, 500 g/ml for Enterococcus and 40 g/ml for E. coli; tetracycline, 12.5 g/ml.
Soft-agar assay for bacteriocin production and immunity. The bacteriocin production assay was performed as described previously (24) . Fifty microliters of an overnight culture of the indicator strains grown in antibiotic medium 3 was added to 5 ml of molten soft agar (0.75%), which was then poured onto a THB plate. After solidification, each strain to be tested was inoculated into the soft agar with a toothpick. The halos of inhibition around the inoculated test strains were monitored after overnight culture.
To test immunity to the bacteriocin, a modification of the bacteriocin production test was performed. The indicator strain was used to test immunity. Inhibition of halo formation means that the indicator strain has immunity against the bacteriocin produced by the inoculated strain.
Mating procedures. Solid-surface matings were performed as previously described (44) . Overnight cultures of the donor and the recipient were mixed at a donor/recipient ratio of 1:10, and 10 l of the mixed culture was dripped onto THB agar without drug. The plates were then incubated overnight (18 h) at 37°C. After incubation, the bacteria grown on the agar plates were scraped off and transferred into 1 ml of fresh broth and then 0.1-ml samples of the suspension were inoculated onto the appropriate selective agar plates. Colonies were counted after 48 h of incubation at 37°C.
Isolation and manipulation of plasmid DNA. Plasmid DNA was isolated by the alkaline lysis method (36) . Plasmid DNA was treated with restriction enzymes and subjected to agarose gel electrophoresis for analysis of DNA fragments. Restriction enzymes were obtained from Nippon Gene (Toyama, Japan); New England Biolabs, Inc. (Massachusetts); and Takara (Tokyo, Japan) and used in accordance with the suppliers' specifications. Agarose was obtained from Wako Chemicals (Osaka, Japan) and used at a 0.8% agarose concentration in agarose gel electrophoresis. DNA fragments were eluted from agarose gels with the Wizard SV Gel and the PCR Clean-Up System (Promega Corporation, Madison, WI). The eluted fragments were ligated to dephosphorylated, restriction enzyme-digested vector DNA with the DNA Ligation Kit Ver.2 (Takara, Tokyo, Japan) and then introduced into E. coli by electrotransformation (16) . Transformants were selected on Luria-Bertani medium agar containing suitable antibiotics.
PCR methodology. The PCR program, with an Ex Taq DNA polymerase (Takara), comprised 2 min at 95°C followed by 30 cycles of 2 min at 95°C, 2 min at 56°C, and 2 min at 72°C and then a final incubation at 4°C with a GeneAmp PCR system 9600 thermal cycler (Perkin-Elmer).
Determination of pDT1 restriction map. The restriction map of pDT1 was constructed by double digestion and analysis by agarose gel electrophoresis. The restriction enzymes EcoRI, HindIII, EcoRV, XbaI, and BamHI were used for digestion.
Generation of transposon insertional mutants. Tn5 (Km r ) insertion into pDT1 was performed as described elsewhere (39, 42) . pDT1 was introduced into E. coli K-12 TH688 (with Tn5 in the thr locus) (40) by electrotransformation. Ten of the transformants were selected and spread onto selective medium containing 40 g of kanamycin and 12.5 g of tetracycline per ml, and the plates were left at room temperature for 10 days. The bacteria which grew on the selective plates were scraped off, and the plasmid DNA was then isolated and used to transform E. coli DH5␣. The transformants were selected on plates containing kanamycin (40 g/ml) and tetracycline (12.5 g/ml) for selection of Tn5 kanamycin resistance and pTD1-borne tetracycline resistance, respectively. The transformants were purified and examined to determine the specific location of Tn5 within the plasmid. The precise location of the Tn5 insertion was determined by direct nucleotide sequencing with a synthetic primer shown in Table 2 , which hybridized to the end of Tn5 (43) .
DNA sequence analysis. Nucleotide sequence analysis was carried out as previously described (37) . To determine the entire sequence of pDT1, shotgun sequencing was performed. Fragmented DNA libraries were constructed by sonication of EcoRI-digested pDT1, followed by ligation into the SmaI-digested pUC18 vector plasmid. pUC18 plasmids containing 0.5-to 1.0-kb inserts were used to transform E. coli DH5␣. The resulting constructs were sequenced in both orientations with an ABI Prism 377 sequencer (Applied Biosystems). The BigDye Terminator Ver.1.1 cycle sequencing kit (Applied Biosystems) and primers 21M13 and M13Rev (Perkin-Elmer) were used for the sequencing reaction. Open reading frame (ORF) analysis was performed with Genetyx, version 6.1 (Genetyx Corp., Tokyo, Japan). The DNA Data Bank of Japan (DDBJ; National Institute of Genetics, Mishima, Japan) was used for homology analysis of nucleotide and amino acid sequences. Direct sequencing was performed to confirm the sequence near the EcoRI junction of pDT1 and the structures of the insertion and deletion mutants. The PCR products were eluted from agarose gels as described above and sequenced in both orientations with an ABI Prism 310 sequencer (Applied Biosystems). The BigDye Terminator Ver.1.1 cycle sequencing kit (Applied Biosystems) was used for the sequencing reaction with PCR primers (Table 2) .
Deletion mutant analysis. The deletion mutants shown in Fig. 3 were constructed by PCR with pDT1 as the template. The primers used to construct each subclone are listed in Table 2 . Subclones of pMG502, pMG503, pMG504, and pMG505 were constructed with primer pairs Bac43-1 and -5Ј, Bac43-1 and -4Ј, Bac43-2 and -5Ј, and Bac43-2 and -6Ј, respectively. PCR products were digested with EcoRI and cloned into shuttle vector pAM401. Each subclone was introduced into E. faecalis FA2-2 and tested in the soft-agar assay. The sequences of all subclones were confirmed by direct DNA sequencing.
Southern hybridization. Southern hybridization was performed with the digoxigenin (DIG)-based nonradioisotope system of Boehringer GmbH (Mannheim, Germany), and all procedures were based on the manufacturer's manual and standard protocols (36) . Hybridization was performed overnight at 42°C in the presence of 50% formamide. The PCR product generated between primers C and E2 with the PCR DIG synthesis kit (Roche Diagnostics, Mannheim, Germany) was used as the probe for bacA. The nucleotide sequences of the primer pair are shown in Table 2 . Signals were detected with the DIG chemiluminescence detection kit (Boehringer GmbH). CSPD (Boehringer GmbH) was used as a substrate for alkali phosphatase conjugated to the anti-DIG antibody.
Pulsed-field gel electrophoresis. Genomic DNA was prepared as previously described (31) . A gel block containing genomic DNA was incubated overnight with 10 U of SmaI. Electrophoresis was then carried out with a 1% agarose gel with 0.5% Tris-borate-EDTA, and the settings applied were 1 to 21 s, 6 V/cm 2 , and 20 h. The gel was stained with ethidium bromide for UV observation. The results were classified as closely related, possibly related, or different types (31) .
Nucleotide sequence accession number. The nucleotide sequence data reported in this article are available from the DDBJ, EMBL, and GenBank nucleotide sequence databases under accession number AB178871.
RESULTS
Identification of a plasmid-coded bacteriocin active against E. faecalis, E. faecium, E. hirae, E. durans, and L. monocytogenes. Of the 277 (44%) bacteriocinogenic strains identified among a total of 636 VRE strains, 21 bacteriocinogenic strains that are active against E. faecalis, E. faecium, E. hirae, E. durans, and L. monocytogenes (3.3%) were used in this study. The drug resistance patterns of the 21 strains are shown in Table 3 . The enterococcal bacteriocins are usually carried on plasmids, some of which are self-transferable and some of which can be mobilized by coresident conjugative plasmids. To examine whether bacteriocin production was cotransferred with drug resistance, mating experiments were performed between each of the 21 bacteriocinogenic strains and recipient strain E. faecium BM4105RF on a solid surface (filter mating). Vancomycin or gentamicin was used as a selective marker for transconjugants (Table 3) , and rifampin and fusidic acid were used for counterselection against the donor strain. Vancomycin-or gentamicin-resistant transconjugants were obtained at frequencies of 10 Ϫ5 to 10 Ϫ8 per donor cell with 12 of the 21 strains (Table 3) . Bacteriocin activities were examined in the transconjugants from each of these strains. The drug resistance transconjugants exhibited bacteriocin activities at a relatively high frequency (Table 3 ). The bacteriocin activities were identical to that of the donor strain. Of these bacteriocinogenic strains, VRE82 was chosen as a representative for further analysis. With the VRE and bacteriocinogenic E. faecium BM4105RF transconjugant of VRE82 as the initial donor, repeated experiments to transfer bacteriocin production were performed between E. faecium BM4105RF and E. faecium BM4105SS. Vancomycin resistance was used as a selective marker for the transconjugants. Vancomycin-resistant transconjugants were tested for bacteriocin activity against E. faecalis, E. faecium, E. hirae, E. durans, and L. monocytogenes. About 80 to 95% of the transconjugants were bacteriocinogenic and showed bacteriocin activity identical to that of donor strain VRE82, and the remaining transconjugants showed no bacteriocin activity. Plasmid DNA was isolated from each of the transconjugants, treated with the EcoRI restriction enzyme, and analyzed by agarose gel electrophoresis. All of the nonbacteriocinogenic vancomycin-resistant transconjugants exhibited two major bands, and all of the bacteriocinogenic and vancomycin-resistant transconjugants exhibited an additional DNA band with a molecular size of 6.2 kbp in their agarose gel electrophoresis profiles (Fig. 1) .
The 6.2-kb EcoRI fragment obtained by agarose gel electrophoresis was eluted from the agarose gel and ligated with shuttle vector pAM401. The cloned 6.2-kbp EcoRI fragment was introduced into E. coli DH5␣, and the clone pAM401::6.2- DNA sequence of pDT1. The DNA sequence of pDT1 was determined with plasmid pMG501. There was a possibility that another small EcoRI fragment lay in the gap formed by the single EcoRI site of pDT1, but this was too small to detect by agarose gel electrophoresis. PCR was also performed with the plasmid DNAs of VRE82 and the J1 and J2 primers (Table 2) , which lie on either side of the single EcoRI site of pDT1 (Fig.  2) . Sequence analysis of the PCR products confirmed that there was no other fragment lying in the gap formed by the EcoRI site of the 6.2-kbp plasmid. pDT1 was found to be 6,173 bp in length. Computer analysis revealed the presence of eight ORFs (ORF1 to ORF8) in pDT1, and all were oriented in the same direction. Figure 2a shows the ORFs that had a good ribosome binding site within a 20-base region upstream of the predicted start codon. Homology analysis of each ORF was performed with the DDBJ data bank. Each of the predicted proteins encoded by ORF5, ORF6, ORF8, and ORF9 showed no significant homology to the reported proteins. The ORF7 protein showed significant homology to the replication proteins of the plasmid found in gram-positive bacteria and designated the repA gene of pTD1. The analyses of the remaining four ORFs (ORF1 to ORF4) are described later.
Generation of Tn5 insertion mutants. Tn5 insertion mutant forms of the pMG501 clone containing pDT1 were generated. Fourteen insertions in pDT1 were obtained (Fig. 2b ). Inserts were obtained in each of the ORFs, except ORF1 and ORF2. All of the insertion mutants expressed bacteriocin activity and immunity at the same level as wild-type pMG501 in an E. faecium BM4105RF background with respect to the bacteriocin activity obtained by soft-agar assay. The result implied that seven ORFs (ORF3 to ORF9) were not related to the expression of Bac 43. Although we could not exclude any potential polar effects on the adjacent gene(s) by transposon insertion, it was probable that ORF1 and ORF2 were the bacteriocin determinant.
Cloning of PCR products that confer bacteriocin production. The PCR products that corresponded to the 0-to 700-bp region of the map position and contained ORF1 and ORF2 were cloned into pAM401. Transformation of E. faecalis FA2-2 was performed with pAM401 carrying the PCR products. The transformants were selected on a selective agar plate containing chloramphenicol for selection of pAM401 and examined for bacteriocin activity. The results are shown in Fig. 3 . pMG502 carried a 737-bp fragment and contained both ORF1 and ORF2. E. faecalis FA2-2 containing pMG502 expressed bacteriocin activity and immunity. pMG503 contains ORF1 and the N-terminal region of ORF2. pMG503 could not transform E. faecalis FA2-2. pMG504 had a deletion in the Nterminal region of ORF1 and contained the C-terminal region of ORF1 and all of ORF2. E. faecalis FA2-2 containing pMG504 did not express bacteriocin activity but expressed immunity. pMG505 had a deletion in the N-terminal region of ORF1 and the C-terminal region of ORF2 and contained the C-terminal region of ORF1 and the N-terminal region of ORF2. E. faecalis FA2-2 containing pMG505 expressed neither bacteriocin activity nor immunity. These results indicated that the fragment containing both ORF1 and ORF2 conferred bacteriocin activity and immunity on the E. faecalis strain. (Fig. 4) . The deduced BacA protein had a span of hydrophobic residues typical of a signal sequence in its N-terminal region, and a potential signal peptidase processing site corresponding to the V-D-A sequence was located at positions 28 to 30 (Fig. 5) . Comparison of the primary structure of the deduced amino acid sequence of the mature BacA protein, which was composed of 44 amino acid residues, showed 50 to 86% homology with the mature Bac 31 (42) , enterocin SE-K4 (13), enterocin P (4), divercin V41 (30) , and listerocin 743A (26) proteins, which belong to the class IIa bacteriocins produced by LAB (14, 22) , and 98% homology with Bac RC714 (43 amino acids), which corresponds to a protein lacking the last amino acid residue (44th Arg) of Bac 43 (10) . As with the class IIa bacteriocins, the BacA protein had a hydrophobic N-terminal region, contained the consensus sequence Tyr-Gly-AsnGly-Lys(Val) (YGNGL[V]), and had a relatively hydrophilic C-terminal region (Fig. 5) . The putative signal sequences (30-amino-acid sequences) did not show any significant homology with any other reported proteins or leader peptides.
bacB encoded a 95-amino-acid deduced protein without a putative signal sequence. The ATG start codon was preceded by a potential S.D. ribosome binding site (AGGGAG) at a location 9 bp upstream (Fig. 4) . Comparison of the primary structure of the deduced amino acid sequence of the BacB protein showed 50% and 25% homology with the immunity proteins of bacteriocin 31 and enterocin SE-K4, respectively. Identification of a Bac 43 determinant in VRE strains producing the same bacteriocin spectrum as Bac 43. Plasmid DNAs isolated from each of the 21 VRE strains that showed the same bacteriocin activity as that of Bac 43 were examined for the presence of the bac43 determinant by PCR analysis with specific primers H1 and H2 for the bacA and bacB genes of bac43, respectively. The PCR primers are shown in Table 2 and Fig. 4 . The 21 strains gave rise to the expected 576-bp product of bacA and bacB by PCR analyses (data not shown). Each of the PCR products specific for the bacA and bacB genes was sequenced. The nucleotide sequences of the genes from the strains were identical to those of the genes carried by pDT1 (data not shown). These indicated that the Bac 43-type bacteriocinogenic 21 strains carried bacA and bacB of bacteriocin 43 on the plasmid.
Plasmid DNAs isolated from each of the 21 VRE strains were also examined for the presence of the bac43 determinant by Southern analysis with a specific probe ( Table 2) . EcoRI fragments of plasmid DNAs from each of the 21 strains were separated by agarose gel electrophoresis (Fig.  6A) . The gel was Southern blotted and hybridized with the bac43 determinant (Fig. 6B) . The probe hybridized to a specific EcoRI fragment with a molecular size of 6.2 kbp in each of the 21 strains that had been confirmed to carry the bac43 determinant by PCR analysis and DNA sequencing.
The banding patterns obtained by pulsed-field gel electrophoresis of SmaI-digested genomic DNA(s) were used to compare the 21 strains, which showed 12 different patterns. These data suggested that the Bac 43-type bacteriocin of each of the 21 strains was encoded on a pDT1-type plasmid and that the Identification of the mobilization determinant. To examine the determinant for the mobilization of pDT1, each of the Tn5 insertion mutant forms of pMG501 in E. faecalis FA2-2 shown in Fig. 2b was tested for the ability to be mobilized by the coresident vancomycin resistance-encoding conjugative plasmid pHT␤ (63.7 kb) (45) ( Table 4 ). E. faecalis JH2SS was used as the recipient strain. Each insertion mutant ORF, with the exceptions of ORF3 and ORF4, was mobilized by the pHT␤ plasmid (Table 4) . These results implied that ORF3 and ORF4 conferred the ability to mobilize the pDT1 plasmid.
DNA sequence analysis of ORF3 and ORF4 was performed by DDBJ against the protein database. ORF3 encoded a 129-amino-acid protein. The GTG start codon was preceded by a potential S.D. ribosome binding site (AGGA) at a location 13 bp upstream. ORF4 encoded a 304-amino-acid protein. The ATG start codon was preceded by an S.D. ribosome binding site (AAGGAG) at a location 12 bp upstream. Comparison of the primary structures of the deduced amino acid sequences of the ORF3 and ORF4 proteins showed 55% homology with the MobC protein encoded by S. aureus plasmid pRJ9 (35) and 45% homology with the MobA protein encoded by E. faecalis plasmid pEF1071 (2), respectively. The reported MobC and MobA proteins were the relaxosome and nickase for plasmid DNA, respectively (2, 35) . ORF3 and ORF4 were designated mobC and mobA, respectively.
Identification of the mobilization determinant in 21 VRE strains producing the same bacteriocin spectrum as Bac 43. Plasmid DNAs isolated from each of the 21 VRE strains that showed the same bacteriocin activity as Bac 43 were examined for the presence of the mobilization determinant by PCR analysis with primers M1 and M2, which are specific for mobC and mobA, respectively. The PCR primers are shown in Table 2 . The 21 strains gave rise to the expected 1,274-bp product by PCR analysis (not shown). This suggested that all of the 21 strains producing the same bacteriocin spectrum as Bac 43 possessed the mobC and mobA genes on a pDT1-type plasmid.
Analysis of the Bac 43 determinant in vancomycin-sensitive E. faecium and E. faecalis isolates. The plasmid DNAs of 149 vancomycin-sensitive E. faecium and E. faecalis isolates were examined for the presence of the bac43 determinant by PCR analysis with primers specific for the bacA and bacB genes of bac43. Of the 149 isolates tested, 46 E. faecium isolates were isolated from healthy Japanese medical students between 2002 and 2003 and 56 E. faecium isolates and 47 E. faecalis isolates were isolated at Gunma University Hospital, Japan, between 1990 and 1993. One E. faecium strain from a student gave rise to the expected 576-bp product and produced a bacteriocin with the same spectrum as Bac 43. The bac43 determinant was not identified in other strains.
DISCUSSION
Bac 43 was identified in the VanA-type VRE strain designated VRE82. Bac 43 was active against E. faecalis, E. faecium, E. hirae, E. durans, and L. monocytogenes strains and was carried by plasmid pDT1 (6.2 kbp), which was efficiently mobilized to the recipient E. faecalis or E. faecium strain at a frequency of 10 Ϫ5 to 10 Ϫ7 per donor cell with the coresident conjugative vancomycin resistance plasmid. The Bac 43 determinant consisted of the bacteriocin structural gene bacA and the immunity gene bacB.
The deduced mature BacA protein showed 86% homology with the mature Bac 31 protein isolated from an E. faecalis strain (42) and 98% homology with the mature Bac RC714 protein isolated from VRE RC714 (10) . RC714 is a 43-aminoacid protein and is identical to the mature BacA protein but lacks the last residue (44th Arg) at the C-terminal region. There was no homology between the deduced amino acid sequence of the leader peptides of BacA of Bac 43 and Bac 31 (Fig. 5) . The deduced BacB protein of Bac 43 showed 50% (10) . Mature Bac RC714 has been purified and characterized (10). As described above, the deduced BacA protein of Bac 43 showed 98% homology with Bac RC714 and was almost identical to RC714. Bac RC714 has been isolated only from one E. faecium VRE clinical isolate, and Bac 43 was also isolated only from VRE isolates, with the exception of one isolate from a healthy student. These data suggested that there would be a tendency for Bac RC714 or the Bac 43-type bacteriocin to be isolated in VRE clinical isolates than in vancomycin-sensitive isolates.
Two main types of bacteriocins were identified in the 277 (44%) bacteriocinogenic strains of the 636 VRE strains that were tested, and they were classified according to their bacteriocin activities (25) . Bac 32 and Bac 32-type bacteriocins, which are active against E. faecium, E. hirae, and E. durans and are determined by bac32, were identified in 193 (70%) of the 277 bacteriocinogenic VRE strains (25) . The other type of bacteriocin that was identified is active against E. faecalis, E. faecium, E. hirae, E. durans, and L. monocytogenes and was detected in 21 (3.3%) of the 277 bacteriocinogenic VRE strains (25) . In this study, we showed that Bac 43 was representative of the Bac 43-type bacteriocins produced by the 21 bacteriocinogenic VRE isolates. The Bac 43 or Bac 43-type bacteriocinogenic VRE strains were the second most prevalent isolates after the Bac 32 or Bac32-type bacteriocinogenic VRE strains. However, the isolation frequency of Bac 43 or Bac 43-type bacteriocinogenic strains was far lower than that of the Bac 32 and Bac 32-type bacteriocinogenic strains. Both bacteriocins are carried by mobilizable plasmids and could be efficiently transferred to another strain by conjugative plasmids harbored by the VRE strains. The bacteriocinogenic VRE strains showed multiple-drug resistance. These characteristics indicated that Bac 32-and Bac 43-type bacteriocinogenic strains might have the same selective advantage in a clinical environment. The only difference in bacteriocin activity between Bac 43 and Bac 32 was that Bac 43 was active against E. faecalis and L. monocytogenes, whereas Bac 32 was not (25) .
The well-characterized E. faecium bacteriocins (i.e., enterocins) are produced by food grade organisms that have been isolated from fermented foods (1, 3-6, 15, 19) . Bacteriocinogenic food grade organisms are characteristically active against L. monocytogenes (34), which is a frequent cause of food-borne listeriosis (20) . These food grade bacteriocinogenic E. faecium strains might have a selective advantage in their particular ecological niche. Bac 32 is not active against L. monocytogenes and is prevalent among the bacteriocins in E. faecium clinical isolates (25) . The present study supports the previous hypothesis that the dominant type of bacteriocin in E. faecium clinical isolates might differ from the dominant type of bacteriocin found in food grade E. faecium isolates, which are active against L. monocytogenes (25).
